C NMR spectroscopy. The single crystal X-ray data of these compounds show the Zn atoms to have six-coordinate geometry. From IR spectra and X-ray crystallography it is established that the coordination of the COO − group is different for trichloroacetate and acetate. The former acts as a monodentate whereas the latter acts as a bidentate ligand.
Introduction
The carboxylate group is a multifunctional ligand that acts with a variety of binding geometries: Monodentate coordination a, bidentate coordination either by chelation b, or by forming a bridge c, d and e. With the three latter forms (c, d and f), the compounds can be polymeric. For these reasons, there is a great variety of complexes containing carboxylate groups ligand. The general structure modes are shown below (Chart 1). Chart 1. IR spectroscopy is a useful tool in diagnosing the nature of carboxylate coordination. Building and structural design of new species of zinc(II) with different carboxylate ions which modify the architectures and control the physical properties is an interesting topic. We report here on the preparation, full structural characterization and molecule packing of two new mixed-anion zinc(II) complexes, [Zn(phen) 2 
Results and Discussion

Syntheses
Reactions between the "phen" ligand and mixtures of zinc(II) acetate or zinc(II) trichloroacetate with sodium perchlorate in methanol provided crystalline materials analyzing as [Zn(phen) 2 (2), respectively. The IR spectra of the these complexes show ν(ClO 4 − ) at ca. 1100 and 1083 cm −1 in 1 and 2, respectively, and absorption bands resulting from the skeletal vibrations of the aromatic rings in the 1400 -1616 cm −1 range. The broad absorption band for ν(HOH) at 3320 -3430 cm −1 indicates the presence of a water molecule in 1. The broad band is perhaps attributable to ν(O-H. . . X), indicating the presence of hydrogen bonds in the 1, which is confirmed by the crystal structure of this complex. The characteristic bands of the carboxylate groups in 1 appear at 1569ν as (C-O) and 1416ν sym (C-O) cm −1 and in 2 at 1661ν as(C-O) and 1331ν sym(C-O) cm −1 . The ∆ν value (ν as-ν sym ) for 1 is 153 cm −1 , significantly lower than the value of ∆ν = 330 cm −1 for 2, indicating that the carboxylate group is coordinating with Zn in a bidentate fashion in 2 and in a monodentate fashion in 1 [1 -5] , which is unambiguously confirmed by the crystal structures of the two complexes.
Crystal structure of [Zn(phen) anion with a Zn-O distance of 2.1380 (14)Å, and also the oxygen atom of a water molecule with a Zn-O(W) distance of 2.0996 (14)Å. The coordination number is six and the coordination environment around the Zn(II) ion is distorted octahedral. The carboxylate moiety of the trichloroacetate ligand is monodentate. Cation and anion are linked by hydrogen bonding ( Fig. 1 and Table 3).
The structure of [Zn(phen) Figs 2, 4 and 5. The mean molecular planes are close to parallel and separated by a distance of ∼ 3.5Å, similar to that of the planes in graphite. Parallel arrays of the planes of the aromatic moieties indicate that these interactions are of the "π-stacking" type, rather than "edge-to-face" or "vertex-to-face" types [7 -11] . It has been shown that electron-poor aromatic groups interact most strongly with electron-rich aromatic groups [12] . Hence, it can be expected that in complexes 1 and 2 the interaction of the electron-poor pyridyl rings with less electron-poor rings such as phenyl groups must be favored (Fig. 5a) . The interplanar distances in 1 and 2 are 4.45, excluding π-π stacking [11 -12] and in 2 they are 3.6Å, that is normal π-π stacking [11 -12] .
The fact that the carboxylate moiety acts as a monodentate ligand in 1 and as a bidentate in 2, can be explained by the different electronegative influence of the X atoms in the [Zn(phen) 2 
(CX 3 COO)]
+ cation, and the water molecule in 1 may also be responsible for the unexpected structural variation.
Experimental Section
IR spectra were recorded as nujol mulls using PerkinElmer 597 and Nicolet 510P spectrophotometers. Micro- analyses were carried out using a Heraeus CHN-O-Rapid analyzer. Melting points were measured on an Electrothermal 9100 apparatus and are uncorrected. 1 H and 13 C NMR spectra were measured with a BRUKER DRX-500 AVANCE spectrometer at 500 and 125 MHz, respectively.
Preparation of [Zn(phen) 2 (CCl 3 COO)(H 2 O)](ClO 4 ) (1)
To a magnetically stirred solution of the "phen" ligand (0.400 g, 2 mmol) in methanol (10 ml 8.29 (m, 1H), 8.31 (m, 1H), 8.77 (m, 1H) and 8.93 (m, 1H) ppm. - [D 6 ]-DMSO): δ = 79. 65, 125.92, 127.67, 129.34, 139.92, 149.28, and 182.25 ppm.
Preparation of [Zn(phen) (2) We prepared complex 2 via the method used for the synthesis of complex 1, using phen, zinc(II) acetate and sodium perchlorate (2:1:2); White crystals, M.p 213 • C. Yield: 0.321 g, 55%. cacld . C 53.39, H 3.25, N 9.58; found C 54.05, H 3.75, 68, 126.30, 127.70, 129.31, 140.50, 149.86, and 179.25 .
Determination of the structure
Crystallographic measurements were made at 120(2) K using a Siemens R3m/V diffractometer. The intensity data were collected within the range 1.66 ≤ θ ≤ 30.01 • for 1 and 2.12 ≤ θ ≤ 30.03 • for 2 using graphite monochromated Mo-K α radiation (λ = 0.71073Å). Accurate unit cell parameters and an orientation matrix for data collection were obtained from least-squares refinements. Intensities of 31130 and 20089 unique reflections were measured, of which 7765 and 7053 with I > 2σ (I) were used in the refinement for 1 and 2, respectively. The structures have been solved by direct methods and refined by full-matrix least-squares techniques on F 2 .
The positions of hydrogen atoms were idealized and included in the calculations of the structure factors as fixed contributions. Each hydrogen atom was assigned an isotropic displacement parameter. All structural calculations were carried out with a PDP-11/23+ computer using the SDP-PLUS program package [13 -14] .
Crystal data and data of structure refinement are given in Table 1, selected bond lengths and angles in Tables 2  and 4 . Anisotropic displacement parameters, observed and calculated structure factors, full lists of bond distances, bond angles and torsion angles are presented in the supplementary material. ORTEP diagrams and perspective views of the packing in the unit cells are shown in Figs 1, 2, 3 , and 4.
Supplementary material
Complete bond lengths and angles, co-ordinates and displacement parameters have been deposited at Cambridge Crystallography Data Centre. Supplementary data are available from the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK on request, quoting the deposition number 253685 for 1 and 253683 for 2.
